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"A"METHOD FOR CHRONIC NOSE-ONLY EXPOSURES OF LABORATORY ~ 1
AHIHALS TO INHALED FIBROUS AEROSOLS' '

Ihvid M. Smith, Lawrence W. Q-t.iz. Ruben F. Archuleta, John
F. Spalding, b.arvin I. Tillery, Harry J. Ettinger, and
Robert G. Thomasa, Toxicology Group, Life Sciences Division
and Irndustrial Hyglene Group, Health Division, University of
California, Los Alamas National Laboratory, lLos Alamos, NM, |
87545 USA. :

. _"Funded by the U.S. Thermal In.sulatlon Manufacturer's
Association (TIMA) and the U.S. Department of Energy (DOE)

ABSTRACT

The U.S. Thermal Insulation Manufacturer's Association
:"(TIMA) is sponsoring a stuly at our laboratory to determine -
: any biological effects when rats and hamsters inhale man-

: made mineral fibers (MMMFs). 'MMMF's to be tested inclide -
. glass fibers, mineral wool, and ceramic fibers, with croci=-
, dolite asbestos serving as a positive control aerosol - !
' material, A pr'ime objective of this study is to expose ;
animals to high airborne concentrations of long thin fibers
(< 3 pmdiam x > 10 ym in length). Animal exposurcs are :
"eurrently being conducted with a 0.45 ym mean diameter glass
microfiber material and the standard UICC crocidolite. i
Aerozols are produced from bulk materials using a modified !
* Timbrell type fibrous aernsol generator and a controlled '
* density infusion plug packing procedure,. l
. For this endeaver, a specialized method of restraining |
! rats ard hamsters for inhalation exposure was developed pro-
viding for acrosol exypnsure only to the nose and a small i
fraction of the animol's heod. This method eliminates i
. external contamination and prevenis animals from burying l
' their noses in their fur to filter out aerosoli zed pnrt!-
cles. Stainless steel chambers have been modificd by i
. placing two metal ingert panels in plic.e of doors, each :
containing' Uy insert ports for Syrian |.msters or 32 for !
rata. Animuls are loided into tapered polycarbonate holdmg
" tubes and the tubes placed in the panel inserts for
expnaure, Ddy weipghts, rectol tomperatures, celinical
chemiatry profiles, eomplete blond cownts, and plasma
corticoatueirone levels clenrly {wicate that tnia technique
dors nnt prodice meanurable atress in the animal s,

INTRODUCTION

In nw proglam to gasess Lhe potential long-—term effecta
in loboratnry animals of inhualed man=minde mineral ribers
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(MMMF's), an inhalation exposure System was needed that™ =~~~

would: 1) be able to expose relatively large numbers of
Osborne-Mendel (0-M) rats and Syrian goldon hamsters 6 hours

. @ day, 5 days a week for periods up to 24 months; 2) mini-

mize tra:ma and stress to the animals; 3) minimize potential
exposure to the aerosnlized materials by personnel handling
the animals; and 4) have small chamber volimes so that only
minimal amounts of aerosol need be generated while the  _ __
quality and distribution of the aserosocl would be optimal.
Whcle-bedy exposure systems iere not considered because,
An nwr experience: 1) animals often pile-up together or
hide their faces in their axillary spaces, using body hair
as a filter, reduweing the amount end quality of aerosol
actually inhaled; 2) the aerosoli zed material {s deposited
cutanentusly, resulting in increased gastro-intestinal tract
deposjtion from grooming and the potential for personnel
working with the animals to be expozed diwring handling; 3)
scme have larpge chamber volumes that require large amounts
of aerczol to be generated; 4) some require many chambers to

. expose large numbers of animals; and 5) loading and unlcad-

ing animals can cause undue trauma to the animals, incluling
injiry and even amputation of limbs.

Described in this presentation are an MMMF aercsol gen=
eration system and a method we developed foi* lotig=term nose-
only exponsure of labnratory rats and hamsters to fibrous
aerosnls,

METHODS

. Inhalation Exposure Chamber and Animal Restraining Tubes..

Chamhers originally desipned for whol e=bady inhalation
exjomures (llinners et al, 1968) were purchased from Uni fab
Corp., Kulmausoo, M1, The two glass doors, internal shelv=-
ing and cages were removed and two inserts placed 1nto the
oprnings created by removal of the doors. These inserts
were madde of 5 mm thick dural (6061-T6, Kuiser Al'minun
Corp., Lns Anpeles, CA). The portions extending into the
chumbers (Fig:'re 1) meansured 33.% om high x 56.65 om wide and
22.0 « . deep., Trilaminar plates consisting of 1/4 inch
thiak pleces of Silaastic® (how Corning Chrp., Midland, MI)
Iominatel botwernt Lwo plates of 5 mm thick dwral are held 1n
place ~n the {aternally extended chamber inserts by 7 oem
long ~ntcase nges (Figure 1), These triliminar plates
eonntait maltiple ofreulir prorts which hald the animal
restrainipy tubes in place, ‘e holes have a H.2 om diam-
otor o the tuben dsed with rats and a 4,7 em diameter for
thaoze uzed with himsters. Thas, one plate and inzsert panei
will held rither 30 rabas o 05 hamsters.  The trilaminar
platen are held togother by 178 1nch=32 socket=hoiad screw:
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Flpnre 1. Chamber lndert panel with plate containing 45
ports for polycarbonate hamster holding tubes.  Trllamlnar
plate with ports Ls removable and {8 held (n place with
sultease hinges as Lllustrated.

located buetween cach tube port opening.  They are tiphtenaed

80 Lhat the Stlastic ® Lo foreed sliphtly fonto the port open-

Inga, forounyg occlugive scals when the anlmal restrainlng
tubes are in place.  The Lodg Alamos NatLonal Laboratory

‘Plastlcs Shop made the animal reastraining tubes of polyear-

bonate by an extruslon procesn.  Thelr dimensiond are as
follows:
RATS (used with female 0O-M and fenale and male Flscher-

Jhdin) '
Itslde Diareter: 4.8 cm
Thicki ss: 2.5 nmn !

Length: 22,5 c¢cm
Nasal oritice: 1.7 em diameter
Taper: b1" beginning 3.0 em 1rom nanal ond
SYRIAN HAMSTERS
Inszlde Diameter: 4.4 ¢m
Thicknous: 2.0 mm
Lengpth: 17.0 en
Nanal Oorltiee: 1o emodlametor
Taper: 0" bepgianineg 2% em tron pwmal oend
To maintaln hermetic Integrity and prevent the acrosols
trom petting around the animals amd leak ing out fneo the
room, i palycthylene cap with a centrally located 1.0 em
diameter hold, which allows the rata' tadla to protrade, I8
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""used to cover the end of the tube. A seal is then cbtained '

ard the rat's tail suppcrted by placing or.e of the hamste:
tubes whose tapered end has been left sealed in the cap, as
demonstrated in Figure 2. Tubes used to contain the Syrian
hamsters are sealed with pol yethylene caps.

After each 6 hour exposure, the tubes and caps are
washed thorsughly in a disinfectant detergent and rinsed.

- - - - I mrm e s = ow - e e e e e i

Fip'r'e 2. Insert panel in place inh expnsure chuamber. The
prrts are filled with pnl yearbonate restraining tubes, each
holding, a female O=horneo=Mendel rat as ddomonstrated at i
left,

AFROLOL PRODLCTION

The devien used to generate ow fibrous acerosols is j
schematically illustrated in Figwre 3. Thia generator, des-
cribe] in detall elsewhers2 (Ortiz et al, 1977) waa medeled
after nne develaped by Timbrell et al (1968b). The operat-
ing principle of this device ia baaed on the contral ' wd
foedirs nf 4 Cixed density, fibrous pliug cempact, into a
rotating blide assembly Lo produce the aercnol . Fibers are
shave ! rm Lthe ond of Lhe wivaneing plw by the biades and
o stream af mr exhauats Lhe airbrrntie 1bers from the genor-
atar chimhnr,

Fig.ee 4 {11ustrates Lhe acrosnl gensrator exposire
chimber hoaokap arrargoment.  The aerazol leaves the geners-
atnr, travels throgh an intermediate Yilutlion device where
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Figre 3. Schemntic diagram of generator used Lo aerosol)ze
fibrous materiols. The plug armpoct I8 slowly advianced lnto
the rotating blide amsembly, shearing off fibers produced us
an aernrenl, . :

additinnnl elean air ia mixed with the asrorol, Lhen the
diluted aernasal 19 passed Lhrough a 10 mCl Krypton 8% acro-
gnl defenfzation sores (Thermo Syastems, Sv, Paal, MN) wnd
into the Lap nf the animal expuswre chimber. Aerosol flow
i the chamber {a frem Lop Lo bottem., Tolal airflow rate
fate Lhe oxposure chumbor was <30 1/mn (15 1/min primary
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Fig'ee U, Aernzol goneritos=cxposuare chamber hoolip. The
acrnrnl tibers exit the ponerator (located on shelf at
right) vertically, pass Lhrourh the delonizing keypton
colmn, and enter the expos're chqmber throwgh the astoinlaas
ateel Vunee gt Lhe Uy =ipht of uhe chamber,

aernsnl carrier air owd 15 1/min elean dilutien anr).
Gotieratar foed plog Infasion rote was et at 20 Ym/min with
rotar spered Fixed at C1000 RFM tor these aerosol un losmity
tests,
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Fig:ze 5 illustrates the sampling arrangement used for’
obtaining gravimetric filter samples. These ramplers are
6.3 mm I.D. copper tubing probes, fitted with Gelman, 25 mm
in-line filter holders (Gelman Insatrument Co., Ann Arbor,
MI), which have been adapted to shortened animal holding
tubes for positive seal support (Figure 6). These adapted
sampl ing probes are placed in vacant animal exposure ports
for aerssol collection and are desighed to simulate "breath-,
ing zone" samples of the rodents undergoing exposure. This
aerosol monitorirg arrangement also minimi zes the possibil-
ity of human exposure to the challenge aerosol as both
colleetion filter and holder are located outsids the expo-
sure chamber .

Figwre 5. Two sampl ing probes in place 1p exporee chimber
d:e"ing :.mpllnu oprration,

Aimal n

Fomale =M rata were abtained om Cimn Re~earch Labow
ratery Aiamals, Wayne, NJ, and male Syrian golden himaters
frem Engle Laboratary Animals, Hmmend ;. ING ALl antrala were
heamnd i Clo=s=1r st Flow eleat rocns {(azleoom
Systema, Ine., Carnwed Hephta, M), Lwe Lo a pnlycarbongtn
cage eopLainitd lowad l=factor aspen shavinga.,  The capen
wire g dpended anoalqminem shelves aml eovered with apa
prolyedter tiltora (Dabent #20 Spraboded Mlyester Filter,
Eolo Prgnnt thn, Wilmineton, ), Captes t oo changosd twiee

—
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Fig.ze 6. Polycarbrnate restraining tube medified (o form
sumpling probe.,

a wrrk, The rats were fed Teklad Rat and Mouse Diet ®and
the hamsters, Tellad Hamster Dlel ® (Toklad Mills, Winfield,
IA). All animal® were given chlarinated water ad libitua.

Streas Analysis

A study was initiated to examine oty stress associated
with nnnraonly exoswoes cempared to whole=body expocsiweres,
e hundyed days=old female 0=M rots wers randumiasd o 1 of
3 groupst  1,) caped contrnls Lhat received ne experimental
manipulation: 2.) a group Lthat wan expored Lo atmospheric
air in the chamber nose only 6 ho'es a day, 5 days a wek;
and 3.) a group Lhat was exposnd Ln atmospherie alr in Lthe
ch:mbers in the triditional whole=bndy mande, 6 howrs a day,
5 days a wenk., After ceither 1, 10 or 30 exposares, 10
animals each from the nnnc-only atd whol e<body groups were
sacrifieed by decaprtation and bloedd sumples taken for
cemnlote bland conts (CBC'A), elintval chemistry profiles
(SMAC=D s, New Mexion Medical Reference Laboratory, Samta
Fe, NMY and plazma corticonterons: assays using a medi Fica-
Linn ! the metheo] of Fontap gnd Dinn (19708), These jast
aszayns wepre performed by v Jo Stinderas, Department ol
Fathal-py, Mivernty onf bow Mexjen Madical Uohool ) Alba-
Querge, BN AL experaimental atd contyrol animals were
treated as mrh alike as pascible, 1o, housed an same
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rocm, coges changed at same time, ete., so rot to intraduce
extraneous stress in one group ccmpared to ansther.

(ther parometer:s mcnitored included meas.rements of boily
weights and body (reatal) temperatures.

RESULTS

Aerosol distribution Jata presented are limited to that
obtuined sgainst two fibrous aerosols currently being used
in o onpgoing study: 1.) a glass aerosol produced from a
bulk material having a v 0.45 u= nominal fiber diameter and .
2.) an aszbestos aerozol prodiuced from UICC (Internatisnal
Uninn Against Cancer) erocidolite (Timbrell et al, 1968a).
Figure 7 is an example

Fiiiee 7. Aernen) mass enncentration versnas Line outpat foi
plaas fiber aorasnd,

I1Tustrating aercznl mass owlpit as a faetion af poenerateor
ojerating Lime oltadned dwingt a sinple aernnsnl generatio
crnsi stency test. Each aans eencentratisn measurement
reported I8 the averige reayll ebtained frem Cive separate
grorss flller somples sipal inesusly enllected from the
anrnnn]l expnsure choerber,  For this particalar te<t, the
gunnratnr sydtem was allowdd Lo ojerate undistebhed for
ho'e fryr nqgnlibrat jon petpites prior Lo inibtiating

sampl ing.  Therealtor, anrniol mans colcenlrating Wwis
determined by eniloet tr groes Crlber simples on prowe lthed
Gielman M=30N0 g = M1lLers, Five sinul Laneoas gampl en
were eonlleabed (e o jemite Snden (4 Simples on nlie a3de,
on arpetitn) of Lhe chamber ovel'y hae tape 1hamin aamplaine
Interval = b o {law raie of 1,0 I2mit, There wel'e pn
animal = an Lhe chamte e deztiny Lhia et Total genelator
F'RRIrg time o thia teat wan 10 s of mintersptoed
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-upe-rar.ion. A total of 10 separate Zets of Lilter samples

were collected during thii test (5 samples per set).
The maxinwum port to port variation observed duing Lhis test
Ka®" «17% 3s meizs Ted sinullanenisly from five separite ports
for each point. The average coefficient of varlation for
simultancous sanples taken at 50 differant sampling
leaatinne within the containment chamber was +10%. The
fibrous aerosol mass concentration variation observed dwri1ing
this test ranged from a minimum of 1.8 mg/m? to a maximm of
2.4 ag/m! with the mean sornceni.;ation being 2.0 + 0.2 mg/m’.
These data demcnstrate that aercsol mass concentrations 1n |
the chamber, 4t port level, were relatively constant and
wmirern throughout this glass midrofiber aerczol SonRs:stanly
tert

Fig'—es 3 and 9 are optical photim:icore rufhs cf collec-
ted plass fiber aero=ol and illustr-ate the pol ydisperse
{multid!ameter, multilength) characterizst:cs of this f1breus
materinl currently being used for anin..l expes.re studies.
Fig:zer 10 and 11 are Scanning Elestion Mlornpraphs (SEM) of
the sime collectn! =orarrl il]lustrating a more detalled
Kicroscopic view of this zluss microtiber expoaire aerdiol,
These SEA'= appear to enhance the praportion of short fibers
ennitairel In the aerorol as compared to photomicrographs
obtained at similar maznifications usine traditional phase
enntrast aptical mieresenpy. Thia phedirniwing 185 reluled to
enhanaed enntrast and imaring peoperties of all collectwd

Froree 4, rp% 0 phestoegeragiaph ot glass Db geraasd

(17 X).



Aulocal (1eon g). 0 Gote enhaneere el

Flpure 9. Optlcal photomicrographs ot plass 1 lber acrosol
(l1o0y XV.

Floare 10, Seacmles electeon photomleregraph ol plass 1iber
Tihwort" tibers i
thin el araph vonpared 2o optbea? plot.e=toroyraphs 1o
Fioare . =« and 9,
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" Figure 11. Scanning electron photomicrograph of glass fiber

aerosol (1000 X). Note enhancement of "short" fibers in

- these micrograpns compared to optical photumicrographs in
- Figure 8 and 9.

" particulates when viewed by SEM versus optical microscopy,

as samples for SEM are collected on mmooth surfaced, 0.22 um

. pore Nuclecopore® filters (Nucleopore Corp., Pleasanton, CA).

A1l fiber sizing data being accun'l]at.ed in our st:dy are. :

_ being done via SEM.

Scanning eleztron microgr.lphs illustrating ow UIGCC

. erocidolite exposure aerosol appear as Figures 12 and 13. I

Similar aerocol mass concentration data obtained against :
this material 18 summari zed in Figure 14. Again, each 1
plotted poirt is the mean gravimetric value obtained from .
five .simultaneous samples taken frun sajd modified exposure
chamber. 'The sampling Interval was once every hour with 20
minute samples simultancously collected from opposite
chamber sides at a flow rate nf 2.5 1/min. The max!imum
port-te-porv variation observed for any of the 5 simullane.-
nus samples taken per sel for this aserosol was +12%. The
mean avrasol mads coacentration was 6.0 + 0.4 mg/m? for the
entire 9 hr tuest perisd, The caefflaiont of variation for
all H0 simples taken frem 4) di fferent ports was +73%.

Fi sher-3hl and O0-M rats and Syrian humsters hive becn
exposed to meveral particulate acrosols using thia aystem, 6
hour: a day, 5 days a week, for perieds ap Lo 20 months, No
apparent clinical Jifferences were obacrved between sham



Flpure 12. Scanning electron photomlerograph (2000 X) of
crouldolite asbestos acrosol.

Flpare 13 Scanndfog olectron photomierigraph (4000 X) ol
crocidolite anbeston avronol.

1)
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Fig.ze M, Aecrorsol mass outpat time for crocidolite
arbestns aerosol.

erntrnl animal & expneed nnfe-conly and theirs coporl control

"en'mtorparls,  Sham control rats and hamsters routinely

o'itl lve cared mimani prilated ccnbrel Seaenme grotips have up to
50% lorges mean 1 fe<spins.  The lonpger life=apans may be a
re=ult of the nofe=cnly expnsed animals being hanaloed at
least twice a dny when being loaded and unlooaded fram the
tubes, :

Bady welphts for sham cnntrnl and cated gentral female
0=M rats and male Syrlan himsters up to 14 montha of ex-
porare, 6 heurs o day, 5 days a week, are given in Table [,
No significant differences emorged in bady welght s bel ween
shim controla and eaped contrals nt cither 5, 8, 11, or 14
mn., 15 into Lhe exposre regimen. -

Iy (rectil) temperabtures did not inercvane in either
rat.a or himitera while they were in the restraining Lues in
the chnmbiers ns lanpg a8 the nimber of i chanyea in the
chambers waa Kepl greater Lhan 107how,.  When the nimber of
alr chanres waa loawer than 6, hyperthermia inveraely propor-
tional Lo the humbor of chapges resaltled.

In t.hnl atress asaeaznent staly, ne sipgrificant differ-
eheed wern aceh between nofc=oni y veraus whol e=bedy after 1,
10 e 0 exponures (6 hewes o day, & days a week), or ipi=
mani palated coged contruls, measiring the tfollowing param-
oternt bedy weirghta, eomplote blood conts (white blowd
cvll enunt, Pl bleardd erll contl, hemoplohin, hemelacrit,
mean onrpancul ar volane, mean corpiscilar hemegdlobin, mean
corpitalar hmeglebin coneentration and differential wnte
bleead ol ar @n) ant olinieal chomiatyy profilea (glucone
blrad urea mitragen, creatitiie, wie wid, caleiun, phos-
phertn, sed i chloride, carbon dioxide, olectrol yte
balar:e, bload yrea ntregent  ersatinine rat:~, cholesters
Al trgiyrerides o Latl ] bilhiraban, darect Bihirmibm, ern



TARLE 1
BODY WELTGHTS () T 5.0

Frmale =M Coae Shani
LN L. Ceatrels Cortrnl
Initiatian 27 + 0 247 + 12
5 Months 281 + 9 289 v 12
8 Month. 285 3 11 290 & 17
11 Miths 331+ 13 3 & 20
14 Manths RER I P 30+ 20
Male Syrian

Mamsters |

Initiatinn 177 & 27 179 « 10
R Menthe DT I b ey 9
8 Months e + 17 1hi s 13
11 Mrnthr 208 + 14 192 « 14
W Mastds AL [ 19y + 12

rlutamie exalnacetic Lranlaninade, al kal ine phosphatase
lactic acid dehydropenare, total protein, albunin and
glebulins),

Ploasma cortidontorone lewels are piven In Table 11,
These data indienle Lhabl anse<snly exposwre |5 no more
stressfal ) ar perhaps eves less stressfal, than whole=body
eX s,

DIGEIGS IO/ CONCLIR TONS

Avrosol distributlen dats sblained againnt tw different
fibrous aernenl s damnpstrate thal bolh aeroan] moss concen-
tration, and arrosol mass distibution within these mrfified
exiosure chinbers e relatively condistent and uni form at
the animal "breathiny zoae" under expoare ennditiona cur-
rently being empinyml,  Luboratory inimals have bren expoaed
to particulile arroonls via nofe=ecnly systems for many
yeara.  Large test t'bes (Ghin el al, 19563 Willard et al,
195488 Casarelt, 19nll), haby Feeding betlles (Djurie ot :ll
1962) ard plastie restrainers (fadder et ol, 1973) have ull
beon med Lo hnld animal s, Hith the e Lyp---' of apparatus,
Lhe animala an Lhegr helders were then placed 1n arrosol
chambiors far Lthe sxposure:,. More recent techniqiles have
Used aperya restralalng Libes that were plugpged into
anrarol alimborg Ao that nnuly the nages of the animal 3 came
in cnm. 1t with the aerosol (Evana el ol, 19735 Raabe et al,
19775 Wuhier ot ul Wty Treomng and .mn.h. 1979: Pha!l on vt
al, 19-‘")). Ilum-v--- o 011 af thean syatonms were 'ines only Tor



TABL:E II
PLASMA CORTICOSTERONE LEVELS
(ug/dl) I 3.E.

- _-_.' - X -

Numbrr of Expomtires

Untreated Cage 0 1 10 30
controls (30 animals) 54 + 4 - - -
Nose-only
(10 animal «/point) - 49 + 5 U8 + 4 56 + 6
Whol e-hady B c
(10 enimal s/point) - H3 « 7 T4 +3 64 + 5
A

B 6 hrs a day, 5 dnys 4 wek

P<0.0U" ve Nose only (10 expnaires) or wntreated cile
contral s

P<0.00% vs untreated cage controls

a single or a relatively few exposres,  Probleomn preventing
long=tem use that arose inclwded over—reatraining the
animals in their tubes by pushing them forward with forceful
plurger devices, resulting in cxceddive anxiety and stress
and death 11 some cases. This 19 not a problem with ouwr
methad because Lthe animals ure not forced forward; insteud,
they apperar to be quite cemfrurtable and cextend their nosés
intn the chimber envirorments as demonstraled In Figure 15,
Anther problem previngily was that Lhe amimal & chewed
throwth Lhe plustic tubes requiring either that the tubes be
changed more freqiently nr that Lhe nasal end of the tubes
be made nf o more durable, expensive material, suwh as
machined aliuminum. Thia was overcome ln ow approact by
using pol warbonate Lubes, which have uarable life=gspims of
over onr year, A third drawhack in some aystems was Lhat
the angle of the nasal end tapor was ton aciute causing
traematie keroatitis and panthalmitis with long=term uan,

The deseribed neav-only methad in our laboratory has
proven itself to be a very satisfaclory means af exposing
relatively large numbers af laboratory rata and himatees in
a lim “od space tor ¢ ety o dov, b days a week for lone
perieds, Analysis of CBC, elinfeal chemiatry profile and
adrenal sortical function data han showsy that thia nose-cnly
exintire aystem 18 ne more stresarul or perhaps even lega
streasfil than aome whnle=bvdy exprsars aystemn,

ln
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Flpure 1Y View ol Inslae of exposure clamber with male
Flacher=4ad rats contalued In potyearbomate Ltabes,

1/
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